| stem cell concept was first proposed in the 1800s, but the first isolation of cancer stem cells was reported in 1994. 5, 6 Cancer stem cells, with the capability for self-renewal and potential for proliferation, are possibly responsible for tumor initiation, progression, migration, invasion, and distant metastases. 7, 8 Cancer stem cells account for the resistance to chemotherapeutic agents during tumor therapy, and/or contribute to cancer recurrence. In addition to cancer stem cells, the "tumor microenvironment" is an important additional concept for cancer initiation and development. Tumors have been recognized as organs with complex interactions and there are a number of cell types that contribute to the biology of tumors. 9 The cross-talk between tumor cells and their microenvironment is an important target for cancer therapy. In general, the failure of chemotherapy to cure patients with a malignancy is due to the presence of intratumoral heterogeneity and molecular complexity. Genetic mutations, the presence of cancer stem cells, and interactions with the microenvironment are considered the major factors accounting for intratumoral heterogeneity and acquired chemotherapeutic resistance. 8 During recent decades, several forms of complementary and alternative medicine have been utilized to defeat cancer worldwide. Traditional Chinese medicine (TCM) has been widely accepted as a mainstream form of complementary and alternative therapy with beneficial effects for cancer patients in China. 10, 11 In fact, TCM has been commonly used in Asia for thousands of years. The largest application category of TCM is Chinese herbal medicine (CHM) which comprises sliced herbal and Chinese patented drugs. 12 A large number of cancer patients have used CHM as an alternative therapy because of its effectiveness and lack of serious side effects. For example, in nonsmall-cell lung cancer (NSCLC) therapy, CHM has been shown to have fewer toxic effects, provide enhanced quality of life, prolong survival rate, and improve immediate tumor response and Karnofsky performance score. [13] [14] [15] Additionally, several representative CHM-derived phytochemicals, namely curcumin, resveratrol, berberine, dioscin, baicalein, wogonin, silibinin, quercetin, tanshinone IIA, and celastrol have been studied in detail, their administration demonstrated to exhibit antitumor effects in many cancers. [16] [17] [18] According to the theory of Chinese medicine, the occurrence of illness is due to the disturbance of two opposing forces of energy, Yin and Yang. To alleviate symptoms of disease, Chinese medicine aims to restore the harmony of Yin and Yang. Thus, people often have the impression that TCM therapy is mysterious. However, several reviews have described the application of TCM therapy on cancer treatment, 17, [19] [20] [21] [22] and therefore this review attempts to comprehensively illustrate the underlying mechanisms of TCM-based CHM on cancer therapy from the point of view of applicable genetic and epigenetic theory, cancer stem cells, and the tumor microenvironment (Table 1 ; Figure 1 ).
| TCM IN CANCER THERAPY
The principal strategies of cancer treatment include surgical resection, radiotherapy, and chemotherapy. Other means of cancer therapy, such as immunotherapy and targeted therapy, have led to significant breakthroughs in curing cancer in recent years. Over recent decades, a number of clinical and laboratory studies have been conducted with the aim of establishing the effectiveness of TCM in treating cancer. Several CHM-derived compounds have exhibited anticancer properties that inhibit the development, proliferation, angiogenesis, and metastasis of human cancer. In particular, resveratrol, curcumin, and berberine have all been evaluated in a number of clinical trials for the treatment of many types of cancer. 153 In most cases, TCM is taken as an adjuvant therapy for cancer. Surgical resection remains the first choice for treatment of nonmetastatic cancer. In a recent study of 345 patients who had undergone surgical resection for locally advanced colon adenocarcinoma, the patients who received the CHM catalpol as a treatment had superior outcomes in many respects regarding efficacy, safety, and cost of therapy. 154 It suggests that TCM is an alternative method that improves the survival and quality of life of cancer patients.
There have been many reports published that show patient outcomes after combining TCM with chemotherapy. PHY906, formulated using the herbs Scutellaria baicalensis, Ziziphus jujuba, Paeonia lactiflora, and Glycyrrhiza glabra, has been reported to reduce the adverse effects of capecitabine in advanced hepatocellular carcinoma patients in a phase I/II clinical study. 22, 155 It was shown that oral CHM improved the outcomes of chemotherapy when considering quality of life, anemia, and neutropenia in patients with NSCLC. 13 Curcumin, a polyphenol and bioactive metabolite extracted from the rhizomes of Curcuma longa L., is widely used in TCM. 156 A study of pancreatic cancer demonstrated that combination therapy of daily 8 g oral curcumin with gemcitabine-based chemotherapy was both safe and feasible for use in patients. 157 Cisplatin is considered to be among the most effective chemotherapeutic drugs. In human hepatoma cells, resveratrol was shown to improve cisplatin toxicity via an apoptosis-dependent mechanism. 158 The principal aim of chemotherapy was to induce apoptosis in cancer cells, inevitably resulting in various adverse effects, such as gene mutation, cellular toxicity, and drug resistance. TCM can possibly perform an important role by reducing the adverse effects brought about by chemotherapy, thus improving therapeutic outcome and quality of life for patients. Radiotherapy is an additional important therapeutic technique in the fight against cancer. It is reported that approximately half of women with breast cancer receive radiotherapy in the most developed countries. 159 a radiosensitizing agent for cancer treatment. For example, curcumin can sensitize nasopharyngeal carcinoma cells to radiation through the regulation of ROS generation, Jab1/ CSN5, and noncoding RNA expression. 160 Resveratrol and berberine have also been shown to enhance radiosensitivity in nasopharyngeal carcinoma cells. 161, 162 Furthermore, radiotherapy has the problem that it inevitably involves the exposure of noncancerous tissues to radiation, leading to side effects such as xerostomia, hepatotoxicity, or pneumonitis. TCM is a promising complementary therapy, having been used inconsistently in the management of radiotherapy-induced adverse effects. The results of a systematic review indicated that treatment using TCM reduced the incidence of radiation xerostomia which is observed in 80% of head and neck cancer patients receiving radiotherapy. 163 TCM has been suggested in an earlier report to be an effective adjunctive therapy for the reduction in the incidence of chronic hepatitis in breast cancer patients receiving radiotherapy and/or chemotherapy. 164 Curcumin has been shown to significantly prolong the median survival time of mice bearing esophageal squamous cell carcinoma while exposed to radiation therapy. 165 In summary, treatment using TCM can be effective in enhancing radiosensitization and reducing side effects. Cancer immunotherapy was ranked as 2013's Breakthrough of the Year by Science. 166 Recently, regulation of the immune system to eliminate cancer cells has succeeded in clinics through the use of immune checkpoint therapy that utilizes blocking antibodies to cytotoxic T lymphocyte antigen-4 (CTLA-4) and programmed death-1 (PD-1), and via chimeric antigen receptor (CAR) T cells. 167 TCM can also offer a potential immunomodulatory regimen for the treatment of a number of diseases, including cancer. In patients with colon cancer, the frequency of T-helper 1 cells can be greatly enhanced after curcumin therapy. 168 Combining curcumin-polyethylene glycol conjugate with a vaccine was shown to significantly promote cytotoxic T-lymphocyte response and interferon-γ release in vivo. 169 Resveratrol is among the most-studied natural phytochemicals worldwide because its potential therapeutic effects are relevant to the treatment of many diseases, including cancer. In a mouse renal tumor model, low dose resveratrol administration was shown to inhibit tumor growth by modulation of CD8(+) T cells. 54 Therefore, many TCM compounds may be promising candidates for use in combination with immunotherapy as a treatment for cancer.
| GENES PARTICIPATE IN TREATMENTS USING TCM
Genetic aberrance is a common phenomenon in cancer. Tumor-associated macrophages↓ 149, 150 Breast cancer stem cells↓ 145, 149 ; Glioma stem cells↓ 151 ; Hepatoma stem cells↓ 152 Note. ↑Indicates increased or activated; ↓indicates decreased or inactivated.
ROS1 in lung cancers. 170 Mutations in oncogenes and tumor suppressor genes invariably constitutively activate downstream signaling pathways, sustaining carcinogenesis and cancer progression together.
| Impact on tumor suppressor genes
TP53 is a well-known tumor suppressor gene and mutant p53 protein is frequently expressed in abundance in numerous cancers. p53 can induce cell cycle arrest, apoptosis, or senescence, depending on the specific context, including DNA damage, hypoxia, and oncogene activation, etc. 171 Several studies have demonstrated that curcumin regulates the p53 signaling pathway. In hepatic stellate cells, curcumin induces senescence via modulation of p53 expression. 23 In gastric cancer, curcumin treatment enhances the expression of p53 and p21. 24 Resveratrol is also reported to induce p53 phosphorylation at serine 20 that activates p53-target genes such as PUMA and BAX, thus restoring apoptosis in MCF7 cells resistant to cisplatin. 46 Furthermore, intracellular aggregation of mutant p53 leads to its inactivation. Resveratrol has been shown to reduce mutant, but not wild-type, p53 protein aggregation. 47 Berberine induces G2/M phase cell cycle arrest via promotion of p53 and p21 expression, and suppression of retinoblastoma (Rb), cyclin B1, cyclin-dependent kinase 1, and cdc25c expression in HTB-94 chondrosarcoma cells. 62 In addition to p53, Rb, PTEN, and APC are also important tumor suppressor genes. Curcumin treatment restores the expression of the tumor suppressor proteins p53, pRb, and PTEN13 in cervical cancer cells. 172 Thus, evidence suggests that there are TCMs that reactivate the expression of tumor suppressor genes that fight cancer.
| Regulation of oncogene expression
An oncogene, the mutation and/or overexpression of which is often observed in cancer, has the potential to cause cancer. Chromosomal rearrangements, mutations, and gene amplification can activate oncogenes, conferring a growth advantage or increased survival to these cells. Studies of the changes in Myc, Ras, and Bcl2 oncogenes provided the first wave of evidence that cancer arises from somatic genetic aberrance. 173 Oncogenes can be classified into several categories, comprising transcription factors (eg, Myc), growth factors (eg, PDGF), growth factor receptors (eg, VEGFR, EGFR), signal transducers (eg, PI3K, Akt, mTOR), cytoplasmic tyrosine kinases (eg, Src family), cytoplasmic serine/threonine kinases (eg, Raf kinase), or regulators of apoptosis (eg, Bcl2). Myc is a well-recognized oncogene, and studies have revealed that Myc expression in both BxPC3 and gemcitabine-resistant BxPC3 cells can be suppressed by treatment with curcumin. 26 Resveratrol has been shown to significantly decrease the phosphorylation of Her-2 and EGFR and the expression of Erk in ovarian cancer cell lines. 51 A separate study demonstrated that resveratrol was able to enhance the expression of Caspase 3 and 9 and decrease the expression of Bcl2, Ras, Raf, MEK, and ERK1/2 in a dose-dependent manner in human colon cancer. 49 In colon tumor cells, berberine treatment was demonstrated to suppress EGFR expression via enhancement of Cbl activity. 66 As for the regulation of apoptosis regulators, curcumin, resveratrol, and berberine have all been shown to trigger apoptosis and increase the ratio of Bax/ Bcl-2 expression. 28, 49, 65 In fact, apoptosis has wide involvement in the antitumor effects of treating with CHM.
| EPIGENETIC BASIS OF TCM
Epigenetics is defined as the study of heritable alterations in gene expression that retain the original DNA sequence. 174 Epigenetic modifications play a key role in the regulation of the expression of genes related to cell development and differentiation. Epigenetic abnormalities are shown to closely associate with the process of cancer initiation and progression. 175 In various cancer models, aberrant DNA and histone modifications have been shown to silence tumor suppressors or promote oncogenes. 176 The three major epigenetic modifications, namely DNA methylation, changes to chromatin, and noncoding RNA profiles, are discussed in this chapter.
| DNA methylation and demethylation
The most well-studied epigenetic marker is DNA methylation, in which a methyl group is added to the fifth position of the six-membered ring of cytosine which forms 5-methylcytosine (5-mC). DNA methylation is mediated by a number of enzymes, including cytosine-5 methyltransferase and DNA methyltransferases (DNMT1, DNMT2, DNMT3a, DNMT3b, and DNMT3L). DNA methylation participates in numerous biological events, including embryonic development, gene expression, genomic imprinting, and disease pathogenesis 177 Tumorigenesis is thought to result from the most extreme aberrant DNA methylation events, of either tumor suppressor gene hypermethylation or oncogene hypomethylation. Several CHM-derived phytochemicals have been described as regulators of cellular epigenetic events, including DNMT activity, in a variety of cancers. In breast cancer, curcumin can decrease DNA methylation and DNMT1 expression, but in particular it can decrease methylation of the promoter of ras-association domain family protein 1A that reactivates its expression. 29 It appears that resveratrol exerts a considerably greater effect on DNA methylation, with treatment of a number of types of cancer cells causing a reduction of DNMT enzymatic activity and expression of DNMT1, DNMT3A, and DNMT3B in a number of cancer cells. 52 Three hundred and thirty-eight cancer-related genes were shown to be hypermethylated and 92 cancer-related genes hypomethylated in MDA-MB-231 cells exposed to resveratrol for 24 h. 178 Berberine has also been shown to change the pattern of DNA methylation. In human multiple melanoma cell line U266, berberine treatment inhibited the expression of DNA methyltransferases DNMT1 and DNMT3B, thus triggering hypomethylation of p53 and modifying the p53-dependent signaling pathway. cancers, including prostate, 179 ovarian, 180 melanoma, 181 and lung 182 cancer. In animal disease models, the growth of aggressive tumors can be thwarted by restoring 5-hmC levels via IDH2 or TET2 overexpression. 181 Therefore, modulation of the DNA demethylation process could also be an important target for cancer treatment.
As far as can be ascertained, investigations of the relationship between TCM and DNA demethylation are limited. Dioscin, a natural steroid saponin, has been identified in CHM. Dioscin is reported to significantly suppress the proliferation of colon cancer cells via regulation of reactive oxygen species generation, and modulation of the p38 MAPK and JNK signaling pathways. 183 In breast cancer, dioscin has also been shown to suppress cell proliferation, invasion, and migration. 76 In addition, the expression of TET2 and TET3
is upregulated, and TET1 downregulated in cells treated with dioscin. 76 Resveratrol has been shown to enhance the enzymatic activities of IDH2. 184 It appears that a number of TCM phytochemicals are involved in the regulation of 5-hmC formation and deactivation. In fact, vitamin C, in high abundance in fruit and vegetable, has been shown to have wide participation in the process of DNA hydroxymethylation and so exerts antitumor function. 185, 186 Therefore, it is logical to speculate that an important function of TCM in cancer treatment is the regulation of TET-dependent DNA demethylation.
| Histone modification
Histone modification is the second most important category of epigenetic modification. Any chemical reaction, including methylation, acetylation, phosphorylation, ubiquitylation, or sumoylation, can change the overall structure of chromatin, thus affecting gene expression by modulation of the condensation of DNA or recruitment of effector molecules that regulate the expression of downstream genes. 187, 188 Aberrant histone modification can change secondary DNA structure leading to abnormal expression of cancer-related genes. Therefore, in many cancer studies, attempts have been made to restore the histones to their original state prior to modification. Inhibition of DNA and histone methylation by decitabine (a potent inhibitor of DNA methylation) and 3-Deazaneplanocin-A (an inhibitor of histone methyltransferase EZH2) causes a synergistic antineoplastic action and activation of many tumor suppressor genes in myeloid leukemic cells. 189 Treatment with curcumin has been shown to attenuate the expression of PRC2 subunit EZH2 in many cancer cells. 26, 190 Resveratrol can inhibit the activity of lysinespecific demethylase-1, an enzyme that regulates histone methylation, and so prevent histone modulation. 191 Berberine treatment leads to an increase in histone acetyltransferases CREBBP and EP300, histone deacetylase SIRT3, histone demethylase KDM6A, histone methyltransferase SETD7, and a decrease in histone acetyltransferase HDAC8, and histone methyltransferases WHSC1I, WHSC1II, and SMYD3 in multiple myeloma cells. 68 In addition, treatment with berberine results in the downregulation of H3K4me3, H3K27me3, and H3K36me3 expression. 68 However, as summarized in Table 1 , reports demonstrating the ability of treatment using TCM to influence histone methylation are limited. Notably, among posttranslational covalent modifications of histones, histone acetylation is most extensively studied. Histone acetylation is deeply involved in transcriptional activation and is regulated by two opposing classes of enzymes, histone acetyltransferases (HATs) and deacetylases (HDACs). 192 HATs perform acetylation of specific lysine residues and induce enhanced gene transcription. HDACs enable the negatively charged DNA to bind to nucleosome proteins by removing acetyl groups from the positively charged histone lysine residues, thus performing epigenetic regulation of gene expression. The balance between acetylation and deacetylation through the enzymatic activity of HDACs is often dysregulated in numerous diseases, including cancer. Therefore, HDACs represent a promising target for anticancer therapy and HDAC inhibitors are widely used clinically as anticancer agents to alter the regulation of histone and nonhistone proteins. Curcumin is considered a natural pan-HDAC inhibitor as it can downregulate HDAC activity and suppress the expression of HDAC types 1, 2, 3, 4, 5, 6, 8, and 11 in numerous cancer cell lines. 31 Resveratrol can also modulate the activity of HDACs both in vitro and in vivo. Resveratrol upregulates the acetylation and reactivation of tumor suppressor gene PTEN via suppression of the MTA1/HDAC complex in prostate cancer. 53 p53 acetylation and so activation occurs as a result of resveratrol's role in the inhibition of MTA1 that leads to increased p53 acetylation. 193 Additionally, berberine has been shown to repress total HDAC but specifically class I, II, and IV HDAC activity via hyperacetylation of histones, downregulation of oncogene expression (TNF-α, COX-2, MMP-2, and MMP-9), and upregulation of the expression of tumor suppressor genes (p21 and p53). 65 It appears that histone acetylation and deacetylation have broad involvement in cancer treatment using TCM.
| Noncoding RNA regulation
In mammalian cells, the majority of RNAs do not have protein-coding function. Transcription eventually produces many small mature RNAs, including microRNAs, piRNAs, snoRNAs, and tiRNAs, but some transcripts are processed into long noncoding RNAs (lncRNAs). 194 Gene expression can be regulated at the posttranscriptional level by varieties of microRNA which normally comprise 20-22 nucleotides. MicroRNAs generally block the translation of mRNA into protein through their binding to the 3′-untranslated region of target mRNAs via imperfect complementary binding. Dysregulation of microRNAs has been observed throughout various stages of cancer. 195 They can regulate many signaling pathways involved in cancer initiation, development and progression, therefore, microRNAs can be used as an important diagnostic and prognostic biomarker. A large number of microRNAs have been shown to have involvement in cancer therapy using TCM. The Chinese herbal formulation JP-1 activates p53 and downstream p21 and BAX proteins in addition to miR-34a in A549 lung adenocarcinoma cells, leading to inhibition of proliferation, induction of apoptosis, a reduction in colony formation, and repression of migration. 196 It has been suggested that miR-34a is a master p53 downstream tumor suppressor in cancer, participating in cell cycle arrest, resistance to apoptosis, and progression of epithelial-mesenchymal transition (EMT). 197, 198 Curcumin induces apoptosis in multiple myeloma via modulation of the EZH2-miR-101 regulatory feedback loop. 190 Resveratrol enhances the expression of major histocompatibility complex class I chain-related proteins A and B via inhibition of the c-Myc/miR-17 pathway in breast cancer cells. 199 Berberine also regulates the expression of microRNAs in various cancers. In SGC-7901 cells treated with berberine, 347 microRNAs were found to be upregulated and 93 downregulated following miRNA sequencing. 200 Regulation of microRNA expression is possibly a mechanism underlying many TCM therapies. lncRNAs, which are defined as having a length of more than 200 nucleotides and lacking protein-coding capability, are involved in the regulation of cell proliferation, differentiation, and chromosome modification. 201 There is mounting evidence confirming that lncRNAs constitute an important component of tumor biology (Table 2) . It has been found that curcumin sensitizes chemoresistant cancer cells by suppressing the expression of the lncRNA PVT1. 26 Curcumin inhibits the expression of lncRNA H19 in a concentration-dependent manner, and its ectopic expression reverses curcumin-induced cell apoptosis and decreases p53 expression. 28 The lncRNA MALAT1 serves as a potential marker of survival in stage 1 NSCLC patients and is downregulated following resveratrol treatment. 202 It has been reported that the expression of a total of 538 lncRNAs can be reversed by treatment with berberine, 203 indicating that the global effect of berberine is to modulate lncRNA expression. However, published literature that documents the involvement of lncRNAs in the antitumor effects of berberine is limited. As far as can be ascertained, studies of the underlying mechanisms involved in the expression of lncRNAs for many TCM therapies are sparse.
| TCM MODULATES THE TUMOR MICROENVIRONMENT
Tumor microenvironment is described as the cellular and physical environment surrounding primary tumors, comprising fibroblasts, endothelial, immune, and inflammatory cells, components of the ECM and soluble factors. 214 The tumor microenvironment allows cross-talk between the cancer and host cells, promotes functions such as angiogenesis, tumor-promoting inflammation, and immune escape. Modulation of the activity of the immune system, especially the immune component of the tumor microenvironment, promises considerable potential for the treatment of cancer. Over the past decade, it has been shown that multiple factors within the tumor microenvironment, including immune cell infiltration prior to therapy, can influence the outcome of immunotherapy. 215 As discussed earlier, a large number of TCM agents exhibit promising therapeutic effects relating to immunotherapy, indicating that these TCMs possibly contribute to the modulation of the tumor microenvironment. In a mouse renal tumor model, resveratrol was shown to enhance the accumulation of activated CD8(+) T cells in the tumor microenvironment and increase the expression of Fas ligand so as to exert cytotoxicity. 54 The regulatory subpopulation of cells (CD4(+)CD25(+)FoxP3(+)Treg cells) is among the most potent and well-studied tumor-induced immunosuppressive phenotype that exists within the tumor microenvironment. The resveratrol analogue HS-1793 has been shown to modulate this subpopulation. 216 Toll-like receptors perform key roles in the host immune system and participate in the development of cancer. Curcumin, resveratrol, and berberine can suppress activation of the toll-like receptor 4 signaling pathway which is closely related to the inflammatory response and cancer progression. 217 Angiogenesis is a fundamental step in tumor proliferation and expansion. Curcumin in combination with (−)-epigallocatechin-3-gallate markedly reduces tumor growth and microenvironmentinduced angiogenesis via modulation of the JAK/STAT3/ IL-8 pathway in colorectal carcinoma. 32 Treatment with resveratrol can downregulate angiogenesis via decreased expression of VEGF in the tumor microenvironment. 54 Berberine has been shown to reduce tumor-induced angiogenesis both in vitro and in vivo. 69 Cancer-associated fibroblasts, a major component of the tumor microenvironment, stimulate tumor progression through cross-talk. Thus, inhibition of cancer-associated fibroblasts by curcumin reduces the migration and metastasis of pancreatic cancer cells. 33 Resveratrol treatment suppresses proliferation, migration, and invasion through downregulation of cyclin D1, c-Myc, MMP-2, and MMP-9 expression in human breast cancer cells treated with cancer-associated fibroblast-conditioned media. 48 Intervention with berberine is effective in inhibiting cell proliferation and tumorigenicity via suppression of STAT3 activation induced by cancer-associated fibroblasts in nasopharyngeal carcinoma cells. 70 Composition of the intestinal microbiota is closely associated with the development of colorectal cancer via their interaction with the surrounding environment. Berberine is reported to rescue
Fusobacterium nucleatum-induced colorectal tumorigenesis by modulation of tumor microenvironment and interference in the activation of tumorigenesis-related pathways. 218 As shown in Table 1 , there is evidence that all TCM compounds summarized differentially exert positive effects against the tumor microenvironment. However, it is clear that more effort is required to ensure effective and systematic use of TCM in controlling the tumor microenvironment. cates that TCM is a promising strategy for the elimination of cancer stem cells. As described by Zendehdel et al, curcumin can inhibit the viability of cancer stem cells using a variety of mechanisms, including prevention of inflammatory cytokine and transcription factor activation, inhibition of the activity of various protein kinases, suppression of cytokine signaling receptors and growth factors, modulation of the activity of enzymes participating in inflammation and tumorigenesis, and change in the expression of adhesion molecules, apoptotic proteins, and other targets. 222 It has been found that curcumin destroys chemoresistant colon cancer stem cells by suppressing the expression of the cancer stem cell marker genes ALDH, CD44, CD133, and CD166. 38 In fact, curcumin has been reported to significantly affect various types of cancer stem cell (Table 1) . A study of the effects of exposure to resveratrol in seven glioma stem cell lines isolated from glioblastoma multiforme patients also found that it inhibited the proliferation of glioma stem cells via modulation of the Wnt signaling pathway and c-Myc expression. 57 The effect of resveratrol in cervical cancer stem cells is to cause sensitization that induces apoptosis by inhibiting RAD51 expression. 58 In breast cancer, Resveratrol has been demonstrated to have efficacy against colon cancer stem cells through elevation of p53 levels, the Bax/Bcl-2 ratio, and cleavage of PARP. 60 Furthermore, resveratrol sensitizes leukemia stem cell-like KG-1a cells to cytokine-induced killer cell-mediated cytolysis through an increase in cell surface expression of NKG2D ligands and activation of the TRAIL pathway. 61 In summary, resveratrol is widely used in the treatment of cancer stem cells. Treatment with berberine has been shown to reduce the activity of ALDH1, capability for self-renewal and metastasis, and the chemosensitivity of oral squamous cell carcinoma stem cells in a dose-dependent manner. 71 Berberine-filled liposomes have been reported to cross the cell membrane of cancer stem cells, suppressing ABC transporters and regulating apoptosis-related signaling pathways. 223 However, there are fewer reports of treatment of cancer stem cells with berberine than with curcumin or resveratrol.
| TCM for prevention of EMT and metastasis
It has been reported that breast cancer stem cells originate from either normal mammary stem cells or mammary epithelial cells via an EMT process. 219 EMT is a fundamental mechanism that occurs during embryonic development and tissue differentiation, referring to the progressive loss of epithelial cell characteristics and the acquisition of mesenchymal features and stem-like properties. EMT is an early step leading to solid tumor progression and is implicated in tumor growth, invasion, metastasis, and resistance to therapy. It contributes to the conversion of tumors from low-to high-grade malignancy. 224, 225 EMT, cancer stem cells and the microenvironment are closely related. The tumor microenvironment can instruct carcinoma cells to undergo EMT to initiate local invasion and metastatic dissemination. 214 It has been suggested that activation of an EMT program leads these cells to acquire cancer stem cell properties. 224 Therefore, targeting the signals involved in EMT has been shown to halt tumor progression in various human cancers. Curcumin can block β-catenin nuclear translocation and restore the expression of E-cadherin and so amplify E-cadherin/β-catenin complex formation and β-catenin cytosolic retention, thus suppressing EMT and migration of breast cancer stem cells. 226 In colorectal cancer, curcumin inhibits EMT progression by enhancing E-cadherin expression, decreasing vimentin expression, and regulation of the NKD2-Wnt-CXCR4 signaling pathway. 227 A large number of studies have been published that document the influence of treatment with curcumin on the EMT process and metastasis.
Resveratrol has also been shown to inhibit the migration and invasion of cancer stem cells by downregulation of the EMT process. In oral squamous cell carcinoma cells, resveratrol can suppress cell invasion and migration by decreasing the expression of EMT-inducing transcription factors. 228 During cancer chemotherapy, acquired Doxorubicin | XIANG et Al.
resistance severely impedes the therapeutic effect, invariably leading to poor prognosis. In gastric cancer, resveratrol can reverse Doxorubicin resistance by interfering with the EMT process via modulation of PTEN/Akt signaling. 229 Resveratrol appears to be a potent inhibitor of EMT and metastasis in cancer. The transforming growth factor-β (TGF-β) signaling pathway regulates proliferation, invasion, migration, and EMT in cancer cells. Berberine is able to reduce the expression of TGF-β1, cell migration, and in vivo tumor growth in breast and lung cancer. 230 In nasopharyngeal carcinomas, berberine inhibits TGF-β-induced tumor invasion and the EMT process by regulation of E-cadherin expression and suppression of Sp1 expression. 162 Additionally, berberine attenuates the expression of the cancer stemness marker CD133, upregulates the mesenchymal markers vimentin and fibronectin, and restores the epithelial marker E-cadherin in neuroblastoma, 231 indicating that berberine can possibly block the cross-talk between cells undergoing EMT and cancer stem cells, thus inhibiting cancer development and recurrence.
| CONCLUSIONS AND PERSPECTIVE
In recent decades, increasing numbers of patients have been attracted to use TCM as an adjuvant therapy option for various diseases. In particular, TCM-based CHM has increasingly been shown to exhibit promising therapeutic effects as an adjunctive treatment following surgery, chemotherapy, radiotherapy, or other types of therapy for cancer patients worldwide. CHM is considered a gift of nature and these compounds derived from herbs have the advantage of availability, efficacy, and relatively low toxicity compared with chemotherapy. Evidence has confirmed that TCM in combination with chemotherapy or radiotherapy is capable of promoting the efficacy of and diminishing the limitations and drawbacks induced by chemotherapy and radiotherapy. 232 A considerable quantity of research has been performed to elucidate the mechanisms underlying the beneficial effects of TCM in cancer treatment. As mentioned above, TCM can possibly regulate oncogenes and tumor suppressor genes, epigenetic modification, the microenvironment, and cancer stem cells. The objective of this review was to contribute to a clearer understanding of TCM as an adjuvant therapy for cancer. The number of studies on curcumin and resveratrol in cancer therapy are in much greater abundance than other CHM-derived phytochemicals, so there is much to learn about those compounds. In order to apply the full potential of TCM in cancer therapy and broaden its application, the underlying mechanisms of many more CHM-derived compounds must be further exploited.
